Abstract-
INTRODUCTION
Orthogonal Frequency Division Multiplexing (OFDM) becomes a popular modulation technique and recently received a lot of attention especially for high data rate transmission. In OFDM, the signal is divided into small data rate and each is assigned to different subcarrier. The subcarriers are chosen so that the signals are orthogonal over one symbol period [1] .In OFDM the adjacent subcarriers remain uninterfered even though it partially overlaps since the maximum power of subcarrier is directly correspond to the minimum power of the adjacent subcarrier.
The benefit of this technique is longer symbol period which in turns will reduce the Inter-symbol Interference (ISI). The other advantages of OFDM technique are greater spectral and bandwidth efficiency, superior immunity to multipath fading, easy estimation and removal of channel dispersion, ease of channel equalization and able to mitigate frequency selective fading using sufficiently low symbol rate channel coding and power loading [2] . However, OFDM experience high Peak to Power Average Ratio (PAPR). High PAPR will cause a nonlinear distortion in the transmitted OFDM signal when it passes through a nonlinear amplifier. Therefore, the OFDM signal distortion will degrade the OFDM bit error rate (BER) [3] . Besides, the nonlinear signal will contribute to high adjacent channel interference and lead to poor performance [4] .
PAPR reduction technique can be divided into two categories that are signal scrambling and signal distortion techniques. In signal scrambling technique, there are methods such as block coding, partial transmit sequence (PTS) and selected mapping (SLM). This technique gives very low PAPR, however it is difficult to be realized [5] . For signal distortion technique, there are methods such as clipping, peak windowing, peak cancellation, peak power suppression and companding. This technique works by distorting the signal to reduce the high peak signal prior to amplification [6] . Specifically, μ-law companding can reduce PAPR more effectively compared to clipping due to the introduction of clipping noise that will lead to signal distortion [7] .
The remainder of this paper is organized as follows. Section II introduces the Optical OFDM that consists of the general idea of CO OFDM and companding transform in CO OFDM. Section III shows architecture of the system under study that are original and companded OFDM signals. Section IV discuss and analyze the results obtained in terms of Complementary Cumulative Distribution Function (CCDF) and Optical Signalto-Noise ratio (OSNR). Finally, the last section concludes the paper.
II. OPTICAL OFDM

A. CO OFDM
OFDM is well established in wireless communication area. Recently, the technology has been applied in optical communication due to its attractive modulation format for long haul transmission. Optical OFDM can be divided into two categories that are Direct Detection Optical OFDM (DDO-OFDM) and Coherent Detection Optical OFDM (CO-OFDM). The DD-OOFDM has a simple receiver however it requires a guard band inserted between optical carrier and OFDM subcarriers to mitigate interference [8] . This will reduce the spectral efficiency. Besides, DD-OOFDM launch power since some power are used for [9] .
The CO-OFDM requires more complex needs a laser at the receiver to generate th However, CO-OFDM has better perform efficiency, robustness against polarization receiver sensitivity [10] .
B. Companding Transform in CO OFDM
Companding transform is a well-known te PAPR without system parameter restricti properly adjusting the OFDM signal accord signal distribution by compressing the signal and expanding the signal at the receiver.
At the transmitter, the signal befo companding transform can be expressed as [7 Where x(k) is the kth complex modulated sig the OFDM signal in one symbol period is the
After the companding transform, the signal 7]:
A is the mean amplitude of the signal x companding coefficient.
At the receiver, the received signal ha before it is sent to the Fast Fourier Transform decompanding signal x'(n) [5, 7] nal. The PAPR of en defined as [7] : All simulation works were performed using Matlab and Optisystem software. In our simulation, the bit rate is fixed at 10Gbps, the modulation is 16-QAM, the subcarrier is 512 and the transmission distance is 100 km. The companding coefficient μ is set to 1. Figure 5 shows the launch power vs OSNR. In CO OFDM systems, the high PAPR will increase the fiber nonlinearity impairment that will induced low OSNR in signal after transmission. From the graph, it shows that the companded signal requires lower launch power to achieve the same value of OSNR compared to original signal. Therefore, with lower launch power, it will reduce the PAPR and fiber nonlinearity in CO-OFDM yet maintaining high OSNR. Figure 6 shows the OSNR vs transmission distance. High PAPR will increase the fiber nonlinearity caused by Kerr effect in optical fiber. As the optical distance increases, the Kerr effect becomes outrageous and eventually limits the maximum distance. From the graph, the companded signal obtains better OSNR compared to original signal for the same transmission distance. The companded signal with lower PAPR will reduce the fiber nonlinearity caused by the Kerr effect. Therefore improved OSNR can be achieved at the receiver. The companding transform is an effective technique in reducing the PAPR. This scheme has low implementation complexity and no constraint on system parameter. In this paper, the CO OFDM with and without companding transform has been presented. The simulation is modeled using the Optisystem and Matlab software and μ-law companding transform is chosen as the companding algorithm. From the result it shows that the companding transform can reduce the PAPR of the CO-OFDM by 3dB. The companded signal also achieved better OSNR compared to original signal.
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